Introduction: Haemophilus influenzae has the potential to lead to invasive disease including necrotizing fasciitis, especially in immunocompromised individuals. There are only eight previous reports of monomicrobial necrotizing fasciitis due to this organism, and, to the best of our knowledge, none of the head and neck. There is also limited epidemiological and clinical data on infections caused by non-b serotypes of H. influenzae, including serotype e.
Introduction
Haemophilus influenzae is an aerobic Gram-negative coccobacillus with broad pathogenic potential found in the upper respiratory tract. Although it principally causes respiratory infections such as rhinosinusitis, otitis media, bronchitis and pneumonia, H. influenzae can lead to invasive disease, including meningitis, bacteraemia and necrotizing fasciitis. Whilst most cases of necrotizing fasciitis are polymicrobial, monomicrobial necrotizing fasciitis does occur but is rarely caused by bacteria other than Streptoccocus or Staphylococcus spp. There are only eight previously reported cases of monomicrobial necrotizing fasciitis due to H. influenzae. Here, we describe the first reported case, to the best of our knowledge, of cervicofacial necrotizing fasciitis with H. influenzae serotype e (Hie), occurring in an immunocompromised patient, including her presentation, diagnosis and outcome. We also review all eight previously reported cases of necrotizing fasciitis caused by H. influenzae, including the serotyping results. This case highlights the importance of the immune system, especially the role of complement, in the pathogenesis of invasive disease with H. influenzae, as well as providing an example of invasive infection caused by a non-b serotype, an emerging concern in the era of widespread vaccination against H. influenzae serotype b (Hib).
Case report
A 60-year-old woman with a history of Sjogren's syndrome, leukocytoclastic vasculitis and systemic lupus erythematosus (SLE) presented to our emergency department with new-onset right-sided facial pain and swelling. She first noticed right pre-auricular pain upon awakening the previous day. Subsequently, her pain intensified and spread laterally to involve her right periorbital and maxillary areas and caudally to her right mandible and upper neck. She also developed erythema and worsening oedema of the affected areas, as well as subjective fevers and chills, prompting a visit to the hospital for evaluation. Her past medical history was notable for Sjogren's syndrome and SLE with associated hypocomplementaemia (C3, 62 mg dl
21
; C4, 12 mg dl 21 ), leukocytoclastic vasculitis and Raynaud's syndrome for which she was previously receiving mycophenolate mofetil 1000 mg twice daily, and hydroxychloroquine 200 mg daily and had received an infusion of rituximab 1000 mg 3 months prior to this presentation. Two years prior to admission, she had a right submandibular lymph node excision and open biopsy of the right submandibular gland for persistent tender adenopathy. Pathology was consistent with inflammation and negative for Sjogren's syndrome.
In the emergency department, she appeared ill. She denied visual disturbances and difficulty breathing or swallowing. Her temperature was 103 uF, blood pressure was 187/67 mmHg, pulse was 103 beats min
, respiratory rate was 12 breaths min 21 and oxygen saturation was 95 % while breathing ambient air. Examination of the face showed erythema, tenderness and oedema of the right periorbital area leading to partial closure of the eye, right cheek, mandible and upper neck, without palpable crepitus. The skin of the upper face and upper chest did not appear to be involved. Her extra-ocular movements, pupillary reflexes and cranial nerves were intact. Oral cavity examination showed no purulence from Stensen's duct and no obvious signs of pharyngitis. Laboratory analysis was notable for leukocytosis with a neutrophil predominance (white blood cell count of 17 000 mm 23 with 90 % neutrophils). Intravenous clindamycin was administered and a flexible laryngoscopy was performed, revealing an oedematous and friable right buccal mucosa with a normal appearance of the nasopharynx, vocal cords and epiglottis.
Upon re-evaluation 6 h later, the patient's overall appearance had worsened, with marked lip swelling and complete closure of the right eye, as well as new erythema over the upper chest and development of dysphagia. A repeat flexible laryngoscopy showed excoriated mucosa in the nasal canal, new oedema of the palate, uvula and right aryepiglottic fold, and partial obstruction of the right vocal cord. Vancomycin, ceftazidime and metronidazole were administered intravenously in addition to dexamethasone for laryngeal oedema. A computed tomography (CT) scan with intravenous contrast showed significant oedema of the subcutaneous tissues and deep fascial layers surrounding the right parotid, masticator and carotid spaces extending to the mid-neck (Fig. 1) . The patient was taken urgently to the operating room where she underwent fibre-optic intubation, tracheostomy and direct laryngoscopy, followed by right deep neck exploration and debridement. Turbid 'dishwater' fluid was encountered immediately subcutaneously. No dental source of infection was identified. Intraoperative findings were notable for a slimy biofilm and diffuse murky fluid within the fascial planes of the neck and parapharyngeal space without frank purulence. All neck planes and levels were dissected including the carotid sheath, retropharyngeal space and parapharyngeal space, as well as excision of multiple enlarged jugulodigastric lymph nodes. Of note, with subplatysmal flap elevation, a mature scar in the submandibular region completely dehisced from destruction of this tissue, but all of the cervical skin itself was viable and left intact. A pulsed irrigator with 2 l saline admixed with 900 mg clindamycin solution was used to irrigate the entire deep neck and parapharyngeal space, and necrotic fascial tissue was debrided down to healthy bleeding muscle with preservation of all major neurovascular structures. A number of Penrose drains were placed, including deep into the parapharyngeal and retropharyngeal spaces, and the neck was packed with moist gauze and left open for 
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twice-daily packing changes. A CT scan of the chest with contrast was performed due to the risk of mediastinal extension via the danger space and did not reveal findings suggestive of mediastinitis. Surgical site cultures from the necrotic fascia and the aerobic bottles of two sets of blood cultures obtained on admission grew H. influenzae (Fig. 2) . Chromogenic b-lactamase enzyme testing was performed and was negative, and the isolate was reported as sensitive to ampicillin. Antibiotics were narrowed to ceftriaxone 2 g daily given the patient's history of a rash with use of amoxicillin-clavulanate. The patient underwent two additional deep neck explorations for debridement and washout, followed by staged closure of the neck wound over a Penrose drain 4 days after the initial procedure. She improved and was discharged 7 days after admission without a tracheotomy tube with plans to complete a 3-week course of ceftriaxone. The patient reported receiving her vaccinations as a child but could not recall whether she received the full Hib vaccination series. The H. influenzae isolate was determined to be serotype e by slide agglutination testing using commercially available antisera for each of the serotypes a-f, at the Connecticut Department of Public Health laboratory. She was seen in the outpatient infectious disease clinic 4 weeks after discharge and reported complete resolution of her symptoms. Immunoglobulin levels obtained 8 weeks after discharge were normal to elevated (IgM, 260 ). In addition, antibodies to Hib were checked and were equal to 3.9 mg ml 21 , suggestive of protection against this serotype (levels w1.0 mg ml 21 are considered protective).
Discussion
Necrotizing fasciitis is most often a polymicrobial process (type 1) in which anaerobic bacteria are isolated in combination with facultative aerobes. Monomicrobial (type 2) necrotizing fasciitis occurs less commonly, and is most often caused by streptococci. There are only eight published accounts of monomicrobial necrotizing fasciitis due to H. influenzae (Table 1) in the literature (Chalmers, 2010; Collette et al., 1987; Lee & Ip, 2010; McLellan et al., 2008; Robinson et al., 2010; Saito et al., 2009; Stumvoll & Fritsche, 1997; Ugai et al., 2014) . To the best of our knowledge, this is the first report of monomicrobial cervicofacial necrotizing fasciitis due to H. influenzae. In a retrospective study of 45 patients with cervicofacial necrotizing fasciitis, H. influenzae was isolated from operative cultures in one case, although it is unclear whether other organisms were grown concomitantly (Mathieu et al., 1995) . Almost half of the cases included in the study reported a predisposing condition including diabetes, alcoholism and malignancy. In an analysis of all cases of craniocervical necrotizing fasciitis over an 11-year period at one institution, all cases were polymicrobial in nature and none was due to H. influenzae (Bahu et al., 2001) . It is well known that patients with compromised immune systems, including complement and immunoglobulin deficiencies, are at increased risk for invasive infections with H. influenzae (Martinot et al., 2014; Winkelstein & Moxon, 1992) . In the majority of the published case reports of necrotizing fasciitis with H. influenzae, a predisposing condition including chemotherapy, use of immunomodulating medications or diabetes mellitus was present. Our patient was treated previously with several immunosuppressive medications for SLE and Sjogren's syndrome. Moreover, she had documented hypocomplementaemia.
Among its many functions in host defence, the complement system plays a particular role in eliminating encapsulated bacteria. Available evidence suggests that both the classic and alternative pathways are activated in infection with H. influenzae (Winkelstein & Moxon, 1992) . In individuals with C2 and C4 deficiency, the classic complement pathway is interrupted, but as the alternative pathway remains functional, patients are at only moderately increased risk of infection. In contrast, C3 deficiency hampers both branches of the complement cascade, leading to significantly increased risk of infection with H. influenzae (Tedesco, 2008) . Interestingly, patients with C5-C9 deficiency are not more susceptible to infection than the general population (Tedesco, 2008) . This suggests that the opsonic activity of C3 is more central to the host's defence against H. influenzae than the bactericidal activity of C5-C9 (Winkelstein & Moxon, 1992) . Robinson et al. (2010) described the case of a 17-year-old female with SLE on immunosuppressive therapy who presented with simultaneous right arm and leg necrotizing fasciitis. As in our case, this patient's marked hypocomplementaemia may have played a role in her disease process.
The importance of opsonization is also exhibited by the humoral immune system's role in killing of H. influenzae. Patients with immunoglobulin deficiency are known to be at increased risk of a wide variety of infections with H. influenzae (Oksenhendler et al., 2008) . Moreover, there is evidence that invasive infections such as meningitis, bacteraemia and peritonitis are more common in this patient population (Martinot et al., 2014) . The patient in our study did not have known immunoglobulin deficiency.
H. influenzae may be either encapsulated (typable) or unencapsulated (non-typable). There are six encapsulated serotypes designated a-f due to their distinct capsular polysaccharides. Hib has long been understood as the most virulent, capable of invasive disease and haematological dissemination by virtue of its polyribitol ribose phosphateladen capsule. Non-typable strains commonly cause upper respiratory infections in children and adults. With the introduction of the Hib vaccine in the late 1980s, the rates of invasive infections due to Hib as well as rates of nasopharyngeal colonization have dramatically decreased (Agrawal & Murphy, 2011) , through induction of both polyribitol ribose phosphate-targeting serum antibodies in vaccinated individuals and herd immunity in the unvaccinated. In the post-vaccine era, there is evidence that serotype switching, to a predominance of non-serotype b H. influenzae, has occurred. In a population-based study of 91 cases of invasive disease with H. influenzae serotype a (Hia) was the most common serotype. The incidence of Hia-related disease increased over the 11-year study period, whilst that of Hib remained stable (Bender et al., 2010) . In a retrospective study of 410 isolates of H. influenzae from blood and cerebrospinal fluid obtained over 12 years in Sweden, there was a significant increase over time in invasive disease caused by both non-typable H. influenzae and encapsulated strain type f, measured as days of hospitalization per 100 000 individuals. Only 7 % of isolates in this study were identified as Hib (Resman et al., 2011) . Other epidemiological reports have suggested that the shift has been predominantly towards non-typable strains (Agrawal & Murphy, 2011) . Among the previously reported cases of necrotizing fasciitis secondary to H. influenzae, five were Hib (Chalmers, 2010; Collette et al., 1987; Lee & Ip, 2010; Saito et al., 2009; Ugai et al., 2014) , one was Hie (Robinson et al., 2010) , one was serotype f (Hif) (McLellan et al., 2008) and one was non-typable (Stumvoll & Fritsche, 1997) .
Most of the data on Hie comes from published case reports, leaving the specific manifestations of this pathogen largely uncharacterized. Invasive disease secondary to Hie including meningitis (Buck & Douglas, 1976; Cerquetti et al., 2004; Schlossberg & Crist, 1985) and sepsis (Cawthern et al., 1978; Schlossberg & Crist, 1985) have been described. In a retrospective case series of 26 cases of infections with Hie, 61.5 % were recovered from patients older than 16 years (Campos et al., 2003) . Most presented with respiratory infections (54 %) and two had developed with invasive disease (sepsis and meningitis) but none had necrotizing fasciitis. In this series, Hie was strongly clonal and highly resistant to ampicillin (Campos et al., 2003) . A study of laboratoryconfirmed Hif and Hie infections diagnosed during 2009-2010 in England and Wales found a 7.4 % increase in the incidence of Hie (Ladhani et al., 2010) . One case was described as a 'cellulitis' but none was described as necrotizing fasciitis. We found only one other case of necrotizing fasciitis in the literature caused by Hie (Robinson et al., 2010) . Interestingly, both our patient and the patient described by Robinson et al. (2010) had SLE and hypocomplementaemia and were receiving mycophenolate and hydroxychloroquine.
The current case highlights the continued clinical importance of H. influenzae as a cause of invasive disease, including necrotizing fasciitis, particularly in immunocompromised individuals. This infection required multiple surgical debridements and pathogen-guided antimicrobial therapy to achieve a cure. Moreover, this case provides an additional example of invasive infection caused by Hie, supporting the emerging concern of invasive disease with non-b serotypes in the era of universal childhood Hib vaccination.
